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EFFECTS OF GASTRO-INTESTINAL RESECTIONS IN
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MATERIALS EFFECTIVE IN PERNICIOUS ANEMIA*
ARTHUR J. GEIGER, LOUIS S. GOODMAN, AND LOUIE N. CLAIBORN
Shortly after Minot and Murphy37 announced the successful
treatment of Addison's pernicious anemia with liver, Castle and his
associates3 6,8,9 clearly established a fundamental relationship
between a defect in gastric secretion and the occurrence of pernicious
anemia. Evidence was presented that gastric juice from normal
individuals contained in abundance an unidentified thermolabile
substance ("intrinsic factor") that interacted with another uniden-
tified thermostable article of diet ("extrinsic factor") to form a
thermostable product ("anti-anemia principle") which was capable
of inducing a remission of the disease. The gastric juice of patients
with pernicious anemia was found deficent, although not wholly
lacking,4'30 in the intrinsic factor, and the stomach was therefore
considered incapable of adequate production of the anti-anemia prin-
ciple that protected against the disease. It was further postulated
that the anti-anemia principle, after absorption, served to promote
normal maturation of the red blood cells in the bone-marrow, and
that it was also stored in the body, especially in the liver, to serve
as a continuous source of supply for the needs of the bone-marrow.
Some evidence had accumulated which suggested that the effec-
t3veness of liver and certain other organs33'46 in pernicious anemia
was due not to an inherent property of these tissues but was a result
ofstoragetherein, oroffinal synthesis and storage, ofthe anti-anemia
principle. Thus, Richter, Ivy, and Kim,40 in inconclusive experi-
ments, found that the liver of an adequately treated case of per-
nicious anemia contained the anti-anemia principle in one of three
assays, while the liver of a tardily treated fatal case was lacking in
potency. Later, Goldhamer, Isaacs, and Sturgis2" and Wilkinson
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and Klein,50 in well-controlled studies, found normal human liver
potent, while the livers of partially treated pernicious anemia
patients showed diminished effectiveness, and the livers of untreated
cases were wholly lacking in potency. These observations suggested
that the liver of the treated patient regained anti-anemic potency but
did not indicate whether this resulted through the replacement of a
depleted storage product or the restoration to normal of the ability
of the liver to manufacture the anti-anemia substance.
Additional presumptive evidence that the liver merely stored
the effective principle was offered in early observations that patients
with cirrhosis of the liver sometimes exhibited blood pictures resemb-
ling pernicious anemia which at times responded to liver therapy,52
and occasionally assays of cirrhotic livers for the anti-anemia prin-
ciple indicated deficient potency.19 21 These results were not sur-
prising, for the extensive replacement of liver cells by fibrous tissue
in this disease would be expected to impair the function of the organ,
regardless of whether it was an active one of manufacture, a passive
one of storage, or both. The validity of this simple concept of
hepatic deficiency anemia has recently been questioned.'4
Another line of collateral evidence bearing on the question of the
storage function of the liver was provided by an accumulation of
clinical reports describing the occasional development of pernicious
anemia following gastrectomy in man. Goldhamer20 listed 23 such
reports. Alsted' described a case of pernicious anemia that developed
after nitric acid corrosion of the stomach. While the known num-
ber of such instances is relatively small, their occurrence can hardly
be dismissed as mere coincidence. Moreover, clinical tests had
revealed that the oral administration of desiccated stomach of the
hog44 or of normal man5' possessed anti-anemic effect, while the
stomach of a patient with pernicious anemia was deficient in potency.
These various observations were again consistent with the theory of
a stored protective factor whose ultimate exhaustion, following loss
of the organ of supply, resulted in the appearance of pernicious
anemia. But there was no reported proof of this theory by actual
assay of the liver for the anti-anemia principle in such patients.
Thus, none of the above observations and experiments either
proved a simple storage function of the liver or excluded the possi-
bility that the active principle resulted from an essential function of
normal liver tissue. It was decided, therefore, to test the theory of
liver storage of the anti-anemia principle by removing the stomachs
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from swine and then determining whether the livers of these animals
showed progressive depletion of the effective factor. These experi-
ments are described below in Section I of the Results.
Much controversy, both in this country and abroad, has centered
around the question whether the anti-anemia principle is actually an
iinteraction product of digestion in Castle's sense, or whether it is a
hormone secreted wholly or chiefly by the stomach. Thus, Morris
and his associates" succeeded ininducing a remission in patients with
pernicious anemia by the intramuscular injection of concentrated
gastric juice, and they contended that this phenomenon indicated
that the effective material was already present in the gastric juice and
did not require the intervention of an extrinsic food factor. They
vrentured to postulate the presence of a hormone which they named
Addisin. Castle and Minot7 pointed out that the hematological
response following such injections differed from that seen after the
administration of effective liver and stomach preparations, and they
suggested that the effects observed might have been non-specific. A
more plausible explanation appeared to be that either the tissues at
the site of injection furnished the extrinsic factor or that the gastric
juice itself contained among its constituents the unidentified extrinsic
factor together with the intrinsic factor. The latter view gained
strength from the observation by Fouts and others18 28 that fresh
gastric juice was ineffective but increased rapidly in anti-anemia
potency with age and storage in a warm place.
Greenspon27 implied the existence of an erythrocyte-stimulating
hormone present in normal gastric mucosa and lacking in pernicious
anemia. After presenting evidence that pepsin inactivated Castle's
intrinsic factor, he cited experiments which were contradictory to
Castle's in that depepsinized gastric juice by itself was apparently
effective in treating pernicious anemia. He offered sweeping reinter-
pretations of Castle's basic experiments, and excluded the necessity
of an extrinsic food factor as conceived by Castle. Castle and Ham5
effectively defended their original views in a detailed report of
experiments which repeated and extended Greenspon's work and par-
tially confirmed his results with regard to pepsin, but denied his
conclusions.
Recently Morrison39 has hypothesized a pyloroduodenal hor-
mone which normally activates the secretion of the intrinsic factor,
but the experimental data offered in support of this hypothesis were
acknowledged by the author still to be incomplete and inconclusive.
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Experiments of two types, described in Section II of the Results,
were designed to yield further evidence in the controversy as to
whether the anti-anemia principle is a hormone or an interaction
product of a food and a gastric factor in the sense of Castle.
The discovery by Sturgis and Isaacs" and by Sharp4' that hog
stomach was effective in the treatment of pernicious anemia was
brought into harmony with Castle's theory by assuming that the
whole stomach contained both the extrinsic and intrinsic factors.
Casde, Townsend, and Heath"0 had reported that duodenal secre-
tion was lacking in intrinsic factor, and for some years it was gen-
erally accepted that the stomach was probably the sole or only
significant source of this factor. However, Meulengracht3 reported
therapeutic benefit from the oral administration of duodenal mucosa
in pernicious anemia. Similar but less conclusive observations by
others",3 appearedperiodically and culminated in a thorough clini-
cal demonstration in 1937 by Thompson45 that hog duodenum was
a potent source of anti-anemic material. More recently, evidence
has been presented that hog colon42 and ileum47 exhibit some activity
in the treatment of pernicious anemia. An attempt at an appraisal
of these several intrinsic factor sources, based on therapeutic results,
suggests that both ileum and colon are less than half as rich as is
stomach in the anti-anemia factor;42 47 Thompson45 considered hog
duodenum equal to stomach in potency, while Meulengracht35 found
it less consistently effective than stomach.
Dexter and his collaborators'5 have recently questioned the con-
tentions that various portions of the intestinal tract were sources of
intrinsic factor. They found that prolonged washing eliminated the
hematopoietic activity of the lower half of the intestine, from which
observation they argued that the anti-anemia potency of ileum was
due to passive adsorption of gastric secretions. Although washing
of the stomach and duodenum did not alter their effectiveness, the
authors still suggested that the duodenum, through its proximity
to the stomach, might have adsorbed relatively more of the gastric
products than had the ileum, and they were unwilling to concede
that the duodenum secreted the intrinsic factor.
If it could be established that sources of the intrinsic factor
existedbeyond thepylorus, that fact might in part explain the failure
of pernicious anemia to develop in gastrectomized animals and
account for its infrequent and late occurrence following removal of
the stomach in man.20
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Meulengracht,35 in a series of careful experiments, demonstrated
that those portions of the hog stomach richest in pyloric glands were
also most effective in the treatment of pernicious anemia. He then
drew attention tothe remarkable histological similarity of the pyloric
glands and Brunner's glands in the duodenum, which together con-
stitute the pyloric organ, and he finally established the anti-anemia
potency of desiccated duodenum. These observations led him to
suggest that the intrinsic factor was secreted by these indistinguish-
able cells of the pyloric and Brunner's glands. It seemed possible to
us, however, that the potency of duodenum might have been the
result of the absorption or adsorption of anti-anemia principle com-
ing from the stomach. It seemed possible that these questions might
oe answered by observing the effect of chronic duodenectomy on the
content of anti-anemia principle in the liver.
It appeared that a fuller appraisal of the duodenum as a source
of intrinsic factor might have important implications in its use in
the treatment of pernicious anemia and perhaps broaden our under-
standing of the pathogenesis of the disease. Therefore, in an
attempt to evaluate the importance of the upper portion of the
intestinal tract as a source of intrinsic factor, duodenectomy was per-
formed and the resulting effects on the blood picture, bone-marrow,
and liver potency were observed. This experiment is described in
Section III ofthe Results.
From the preceding considerations it seemed logical to carry the
experiments on to the next obvious step-to try extirpation, so far
as possible, of all known major sources of intrinsic factor in an
attempt to produce pernicious anemia experimentally. Such experi-
ments are described in Section IV of the Results.
The various experimental procedures outlined above against the
background of prevailing knowledge were undertaken with the
expectation that each might contribute toward the further elucida-
tion of the nature and sources of the still unidentified materials
effective in the treatment of pernicious anemia.
Methods and procedure
Amontg the several domesticated animals considered for the contemplated
surgical procedures, the hog seemed most suitable and had the advantage of
possessing a large liver known to be a rich commercial source of the anti-
anemia principle. Eleven Poland China hogs, ranging from 3 to 4 months
in age and weighing between 8 and 15 kilograms, were successfully operated
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upon under ether anesthesia. The technics and special problems relating to
the variouis operations, together with the postoperative care and course of
these animals, are described elsewhere.'2 All of the animals were housed in
small pens with wood-shavings or straw for bedding. They were fed a
complete diet in the form of a specially prepared mash* known to be free from
liver, brain, kidney, bone-marrow, and entrails. Appetite, nutrition, and
growth of most of the operated animals were excellent and equalled the con-
tiol swine in these respects. Only two pigs were markedly retarded in growth
and impaired in health; they had been subjected to both gastrectomy and
duodenectomy.
The liver extracts were prepared by a process identical with that described
for the manufacture of Solution Liver Extract No. 343 in New and Non-
official Remedies for 1933.t The finished extract was filtered through a
Berkefeld candle and transferred aseptically into sterile rubber-capped
ampoules of 20 cc. capacity. The final product did not alter the blood pres-
sure or heart rate when several cubic centimeters were injected intravenously
into anesthetized dogs. Before being administered to a patient the content of
each ampoule was tested for sterility by culture on a blood-agar plate.
Owing to the paucity of patients with pernicious anemia in relapse, who
nlight serve as test subjects for assaying the experimental liver extracts, a
suitable animal method of assay was constantly sought during the first three
years of these experiments. Hematological responses to liver extract were
studied in various species and under the following conditions: guinea-pigs, both
normal3" and on a diet producing canine black tongue;36 rats with cirrhosis
of the liver and anemia from carbon tetrachloride poisoning;29 pigeons, both
normal, '48 and on a diet presumably deficient in vitamin B; rabbits rendered
anemic by injections of saponin and electrocollargol26 and of phenylhydrazine.
None of these experiments resulted in a test animal that responded specifically
to potent liver extract.24
Our experimental liver extracts were therefore tested on patients with
classical pernicious anemia, as manifested by characteristic blood picture,
achylia gastrica in all cases, and typical constitutional and clinical features.
Only untreated patients with severe anemia and free from serious neuro-
logical complications were used in these assays. Each patient was usually
kept under observation without treatment for at least several days to exclude
the possibility of a spontaneous remission. Liver and kidney were excluded
from the diet.
Unless otherwise stated, the procedure in testing an extract involved the
daily intramuscular injection of 1 cc. of the experimental product for a
period of about two weeks, and ended with the daily injection of an equal
* The pulverized food was prepared to our special order by Balorations, Inc.,
Division of Tioga Mills, Waverly, N. Y.
t We are indebted to Dr. G. B. Walden of Eli Lilly & Co. for instructions and
advice in the preparation of our liver extracts.
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amount of a control extract consisting usually either of a preparation made by
us from the livers of two normal control hogs or of Lilly's Solution Liver
Extract No. 343 (N. N. R., 1933). Our own and the commercial control
liver extracts, prepared by identical procedures, proved ample and equivalent
in potency in tests on patients with pernicious anemia (Figs. 6, 9, 12, and 13).
In a few instances, as indicated in the figures, more concentrated commercial
preparations were administered as control material either to establish a result
more securely or to cooperate with the clinical or experimental interests of
others.
Estimations of liver potency were obtained principally by the method of
Dameshek and Castle"3 for assay by the method of successive reticulocyte
responses in the same patient. According to these workers, the reticulocyte
shower resulting from a suboptimal dose of one preparation will be followed
by a second reticulocyte response if a more potent product is subsequently
administered. It is important to understand that by this method of assay
the occurrence of a second reticulocyte rise of any magnitude, whether large
or small, indicates that the material being administered at the time is more
potent than the preparation which caused the first reticulocyte response, the
comparative heights of the reticulocyte peaks being irrelevant in this particular
respect."3 If the potency of the second product is not greater than that of the
one first administered, no recurrence of reticulocytosis of any degree is noted.
Strauss, Taylor, and Castle43 had previously shown that a maximal reticulo-
cyte response followed the daily intramuscular injection of 2 cc. of a solution
containing the anti-anemic material derived from 10 gm. of liver prepared by
the method employed in the manufacture of Lilly's Liver Extract No. 343
(N. N. R., 1933). Effectiveness of our experimental extracts was further
judged by increase in erythrocyte and hemoglobin levels and by clinical
improvement. In the case of patients who responded inadequately to an
experimental preparation, final verification of their suitability as test subjects
depended upon satisfactory hematological and clinical improvement following
extracts known to be fully potent.
Results
I. Problem: To determine whether the anti-anemia principle of
the liver is primarily a stored product or an essential con-
stituent of liver tissue.
Approach: Does extirpation of the stomach result in progres-
sive depletion of the potent principle of the liver?
Seven hogs were rendered agastric. That total gastrectomy had
been achieved was assured by including both the pyloric sphincter
and a small portion of the terminal esophagus within the resected
specimen. Esophageal mucosa was clearly distinguishable by its
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bright yellow and granular surface which passed abruptly into the
pink and relatively smooth mucosa of the stomach; this detail was
further verified histologically.
FIG. 1 (above) and FIG. 2
Animals were sacrificed at approximately monthly intervals
between the second and sixth postoperative months, and also at 18
and 36 months. The livers were extracted and assayed on patients
FIG. 3 (left) and FIG. 4.
with untreated pernicious anemia with the results depicted in Figs.
1 to 6 indusive.
Figure 1 shows that Extract E (4 months agastric hog) was
decidedly less potent than was Extract G (2 months agastric hog),
and that the latter, in turn, was weaker than the control extract.
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Activity of Extract F (3 months agastric hog) was established by
the assay shown in Fig. 4. This was confirmed by another assay
illustrated by Fig. 2, from which it is also evident that Extract F
was less potent than the comparable control extract.
From Fig. 3 it is apparent that Extract N (5 months agastric
hog) still had slight reticulocytogenic and erythrocytogenic power;
but no anti-anemia potency was
exhibited by Extract S (6 months 6 MXORACTS COT.LVR
agastric hog) (see Fig. 5). Ex-
tract W (18 months agastric hog)
showed no effect (Fig. 4) even 2 -----
when administered in a dose 50 X4_
per cent greater than that accepted - wAY_ 4 8 4 81 IK
as sufficient for an optimal hema- FIG. S
tological response.
In Fig. 6 is depicted an attempt at a quantitative comparison of
Extracts F and G (3 and 2 months agastric hogs, respectively). It
is curious that no effect was obtained with Extract F during 9 days
of treatment, although on two other occasions (Figs. 2 and 4) this
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FIG. 6
preparation exhibited some potency. A satisfactory hematological
and clinical response attended the administration of a suboptimal
dose of a control extract. The subsequent injection of Extract G
(2 months agastric hog) in doubled dosage without recurring retic-
ulocytosis suggests that Extract G was not more than half as potent
as the preceding control preparation. Evidence that the dosage of
the control product was really suboptimal is noted by the recurrence
of reticulocytosis on the administration of an optimal dose of one of
our own control hog-liver extracts, the full potency of which is indi-
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cated by the failure of further reticulocytosis to follow the final
administration of Lilly's Solution of Liver Extract No. 343 in
equally optimal doses.




G 2 months moderate
F 3 months moderate
E 4 months slight
N 5 months slight
S 6 months none
W 18 months none
It is clearly evident that after total gastrectomy in the hog the
anti-anemia potency of the liver becomes progressively depleted,
that a significant loss is already detectable after the second post-
operative month, and that the exhaustion is complete by the sixth
month. These results confirm and extend those previously reported
by Bence2 and by us.22
While these observations strongly suggest that the liver serves
merely to store, or to elaborate further and store, a product furnished
by the stomach, they throw no light on whether the gastro-intestinal
hemopoietic factor is an interaction product of gastric digestion, a
precursor which is further elaborated by the liver cells into the anti-
anemia principle, or a hormone originating in the stomach wall. A
more conclusive answer to these questions may be found in the
experiments described in the following section.
II. Problem: To determine whether the anti-anemia principle is
a hormone or a product of gastric digestion.
Approach: 1. Does "isolation" of the stomach result in loss
of the liver principle?
2. Is this principle contained in the livers of full-term
fetuses from agastric sows?
1. Knowing from previous experiment that extirpation of the
stomach resulted in exhaustion of the liver's store of the anti-anemia
principle within six months (Section I), we decided to test the hy-
pothesis of an internal secretion bycompletely severing the stomach's
continuity with the digestive tract at both the cardiac and pyloric
ends, while preserving as much as possible of the gastric nerve and
blood supply. Under these conditions, according to the theory of
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Castle, the interaction between an extrinsic or food factor and an
intrinsic or gastric factor in the formation of the active principle
would be disturbed, and the liver should suffer loss of potency pre-
cisely as after gastrectomy. If, on the other hand, the anti-anemia
principle is a hormone originating in the gastric wall and stored in
the liver, then the retention of the "isolated" organ within the body
should preserve the full anti-anemia potency of the liver.
"Isolation" of the stomach was ultimately accomplished in one-
pig by converting most of the stomach into a pouch whose juices
were drained to the outside by an inlying tube.25 The animal was
sacrificed in the eighth postoperative month, and assay of its liver
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FIG. 7 (left) and FIG. 8
extract gaveno evidence ofanti-anemia effect in each of two different
tests on patients who received daily injections of presumably optimal
doses for two weeks (Figs. 7 and 8).
It would appear, therefore, that the adequate production of the
anti-anemia principle and its storage in the liver depend on more
than the mere presence of the stomach within the body; the diges-
tive rOle of the stomach appears essential.
2. It also seemed possible to throw further light on the hormonal
versus gastric digestion product theories, as well as to confirm the
results and conclusions from the "isolated" stomach preparation,
through a study of the livers obtained from newborn pigs. It had
been demonstrated that normal human and bovine fetal liver pos-
sessed anti-anemia potency.21 The source of the effective material
in the liver of the fetus might be either the mother or the fetus' own
stomach wall, if one postulated an internal secretion from this organ.
Knowing that the chronically agastric sow is unable to maintain a
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store of the anti-anemia principle in its own liver (Section I), it
appeared likely that such a mother would also be unable to furnish
an adequate supply to its fetuses. If these fetal livers proved lack-
ing in the anti-anemia principle, the result would argue in favor of
a maternal source of the principle under normal conditions; if, on
the other hand, these livers proved potent, the fetus would appear
able to produce its own anti-anemia principle without benefit of any
product of digestion derived from its own or its mother's stomach.
LIVER OF CONCENTRATED NORMAL HOG UVER
S FETU5 FROM LIVER EXTRACT k AGATRIC NORMAL Icc DAILY sow sow
ICDAILY
zo -76*:~~~~~~- .o
I,Z-~ ~~ ~ ~~~~~~~~~~~~~~~*
FIG. 9
The positive demonstration of liver potency under these particular
circumstances would favor a hormonal character for the anti-anemia
principle.
A sow that had been agastric for more than six months was suc-
cessfully bred on two occasions. The newborn young were sacrificed
immediately after birth to forestall suckling and prevent the gastric
digestion of protein. Extracts made from the livers of these animals
were compared for their hematopoietic effects with extracts made
from the newborn pigs of normal sows, and the results were as
follows.
A preliminary assay is depicted in Fig. 9. Because of the small
amount of liver available in the first litter delivered by the agastric
sow, only the suboptimal dose of 1 cc. ofthe extract was administered
for 9 days. No reticulocytosis was evoked. An extract made from
newborn pigs of a normal sow was then given in similar doses for 6
days only. At this time the clinical condition of the patient
demanded a blood transfusion and the immediate administration of
large doses of a highly concentrated commercial liver extract; this
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was promptly followed by a pronounced reticulocyte response, and
during the next 5 months the patient's blood count was brought to
normal and maintained at this level with one of our control hog-
liver extracts administered in an average daily sub-optimal dose of
FIG. 10 (left) and FIG. I I
1 cc. As an assay of the fetal livers, this experiment was obviously
inconclusive, and a more definite answer had to await the delivery
of another litter of youngby the agastric sow.
In the meanwhile, assays were undertaken to determine whether
the livers of newborn pigs from normal sows contained the anti-
anemia principle, for there had been some controversy in the few
FIG. 12
reports bearing on this point.2' 21,49,53 The experiments illustrated
by Figs. 10 and 11 indicated that the livers of newborn pigs do con-
tain some reticulocytogenic power; it is evident, however, that theo-
retically optimal doses of this extract showed considerably less
potency than did the control preparations in this respect, and no rise
in the red blood cell count was obtained.
In a subsequent assay, shown in Fig. 12, no reticulocyte response
followed the administration of an extract made from the livers of
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another litter of young born of the agastric sow, while a moderate
response attended the administration of extract made from the livers
C _O_EXTRACT B6 of newborn pigs from normal
_ DIAODENECTO!f EXTRACT B-6
e EXTRACT M CONTROL SOWS.
- a CCDULY COAILY From these experiments it
9cc t '. |\appears that the liver of the new-
born pig has some reticulocyto-
40I 2A-- genic effect, though apparently
less than is found in normal adult 14 . hog liver; and the livers of
DAY_- 4 4 fetuses obtained from an agas-
FIG. 13 tric sow are lacking in this
principle.
On the basis of the considerations already discussed, these obser-
vations corroborate those of the "isolated stomach" preparation and
both together imply that gastric digestion is essential for the produc-
tion of the anti-anemia principle.
III. Problem: To determine whether the duodenum is a signifi-
cant source of the intrinsic factor.
Approach: Does extirpation of theduodenum result in appre-
ciable loss of the anti-anemia potency of the liver?
Ellenberger"7 stated that in the duodenum of the hog the distri-
bution of the Brunner's glands was most dense in the first 15 inches
beyond the pylorus, but extended - DUDNETM 1
12 to 15 feet farther in the 00 DUOERACTOMN LIL.LY 5U
small intestine. Accordingly, we - J
removed approximately the proxi- I 3°-.--o --o--io 60 5 mal 15 feet of intestine from a zo
hog; the stomach was left intact. 40 2 -
The animal was sacrificed 8 ao
"'
1
months later, which exceeded by 4
two months the time in which gas- -DAY3 - 4 8 2 4 8 12
trectomy had been found to de- FIG. 14
plete the liver of the anti-anemia
principle. Assay of the liver extract in two tests (Figs. 13 and 14)
gave similar results: some evidence of potency was apparent from
the daily administration of presumably optimal doses for about two
weeks, but in each instance a control extract showed considerably
greater reticulocytogenic and erythrocytogenic effects.
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It appears that the duodenum is a true and significant source of
the intrinsic factor, and that extirpation of this organ significantly
diminishes within 8 months the liver's content of the anti-anemia
principle. It would seem, moreover, that the duodenum is relatively
less important than is the stomach in this respect, for only par-
tial depletion of the liver principle occurred during a period which
was found to exhaust the liver completely in the agastric animal.
IV. Problem: To determine whether pernicious anemia can be
produced experimentally by the extirpation of known
sources of intrinsic factor.
Approach: What are the effects of gastrectomy plus duoden-
ectomy in the same animal?
In two pigs the entire stomach and from 15 to 20 feet of the
proximal portion of the intestinal tract were removed. Only a
collar of duodenum -_ _ GAUTRECTOMYANDUODENECTOMY LILLY53L345' 1
was preserved at the i EXTRACTGR TccDALYH CONROL
region of entry of the V I 3
bile and pancreatic 60 -o O
ducts. Both animals 4, *-S -.
failed to grow, had a i --
chronic diarrhea, and 4
developed anemia _AY _ 4 8 IZ 4 IZ 4 8 IZ 16
without the morpho- FIG. 15
logical features of
pernicious anemia. One pig died in 6 weeks and the other at the
end of 4 months. Studies of the blood, bone-marrow, and nervous
system of these animals are described elsewhere23 together with simi-
lar data for the other experiments discussed in this report. Assay
ofthe livers of the two animals lacking both stomach and duodenum
showed no anti-anemia potency whatever (Fig. 15), although pre-
sumably optimal doses of the extracts were given daily for two
weeks. The conclusion from this experiment is one that might have
been anticipated: the extirpation of both stomach and duodenum
exhausts the liver of the anti-anemia principle more quickly than
does the removal of either organ alone.
Discussion
The progressive loss of liver potency in agastric, but otherwise
apparently healthy, swine corroborates by direct experiment the
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theory that the stomach is the source and the liver merely a storage
depot for the anti-anemia principle. That storage is the sole or
chief role of the liver is, however, not completely proved by this
experiment, for it is conceivable that the stomach might secrete an
activating hormone, a gastric secretin analogous to pancreatic secre-
tin,39 under whose influence the liver could both elaborate and store
the effective principle, and in whose absence following gastrectomy
this vital liver process ceases. Such a hormonal mechanism would
appear to be excluded by our later observation that retention but
"isolation" of the stomach within the animal still results in eventual
total loss of liver potency. This, together with the observation that
the liver of the fetus of an agastric sow is impotent, indicates that
more than the mere presence of the stomach within the body is
essential; the organ must play its active role in digestion. Our
results deny the probability that the anti-anemia principle is an inter-
nal secretion or hormone and are in harmony with Castle's theory.
The observed partial reduction of liver potency following duo-
denectomy completes the chain of evidence that this organ also is a
true and significant source of intrinsic factor, but probably less
important than the stomach. The contribution of intrinsic factor by
the duodenum may well account for the relatively late and infre-
quent occurrence of pernicious anemia in gastrectomized persons.20
Furthermore, the existence of intrinsic factor sources in the duo-
denum, andpossibly in the lower intestinal tract as well, may explain
the failure of pernicious anemia to develop following gastrectomy in
the many species in which it has been performed. It is still possible
that experimental pernicious anemia may be produced by the
extirpation of both stomach and duodenum. The failure of our
experiments in this direction may well have been attributable in part
to the poor health and early death of the animals under these
unphysiological conditions; supportive treatment of such animals
with supplemental vitamins may spell success in future undertakings
of this sort.
Summary and codlusions
1. Extirpation of the stomach in swine results in progressive
depletion of the antipernicious anemia principle of the liver and com-
plete exhaustion of liver potency within six months. This suggests
that the liver stores, or elaborates and stores, a product furnished by
the stomach.
274ANTI-ANEMIA POTENCY OF THE LIVER 275
2. Similar exhaustion of the liver principle is observed in the
"isolated stomach" preparation, which suggests that the effective
factor results from gastric digestion rather than from an internal
secretion of the stomach.
3. The livers of newborn pigs from a normal sow contain the
antipernicious anemia principle, while the livers of newborn pigs
from an agastric sow do not. This confirms the view that the effec-
tive factor is a product of gastric digestion, as enunciated by Castle.
4. Extirpation of the duodenum in swine significantly diminishes
the liver's content of the antipernicious anemia principle, which indi-
cates that the duodenum is a true source of Castle's intrinsic factor.
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